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Abstract 
Without the "guidance" of traditional marketing campaigns, how do consumers find "good" user-
generated-content online?  
Recently, websites have begun to present content through combined product and social networks, 
linked by hyperlinks. We focus on the role of this dual network structure in facilitating ill-defined 
exploration of the content space. We first analyze the YouTube.com and show that user pages have 
unique structural properties and act as content brokers in the dual network. Using simulation 
analysis we show that random rewiring of the product network cannot replicate the brokering 
effect of the self-organizing social network. Finally, we introduce an experiment in which 
consumers browse a YouTube-based website that offers video recommendations through different 
networks. Using survival analysis we show that the dual network structure leads to faster access 
to “good” content and to overall higher satisfaction. Our work suggests that integrating a self-
organizing social network with product networks significantly improves content exploration. 
Keywords: e-commerce; social networks; product network; user generated content 
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Introduction 
The variety and quantity of online content have increased substantially in recent years; this growth has been 
bolstered by the increasing popularity and prevalence of user-generated content (UGC)
1
. Considering that online 
content is rarely accompanied by traditional marketing campaigns, a fundamental question in this context is, how do 
consumers find "good" content? Additionally, from the perspective of a website that offers content, it remains to be 
determined which website structures facilitate efficient and successful exploration of the content space. 
We focus on ill-defined exploration of the content space. Ill-defined exploration occurs when a consumer explores 
the space of options with no specific pre-defined target in mind. The exploration process continues until the 
consumer finds an object that matches his or her taste, or until search costs—typically, time—reach a specific 
threshold level. While recent research has focused on improving keyword search, it seems that a substantial portion 
of online content consumption is a result of ill-defined exploration, where consumers simply browse the content 
space without a specific target, looking for "good" content. However, as the amount of available online content 
grows, consumers must sift through increasing quantities of potentially undesired products until finding one that 
matches their taste. This renders the ill-defined exploration process increasingly challenging.  
In this work we describe a dual network structure that is characteristic of UGC websites, and we study the effect of 
this structure on exploration efficiency and on the consumer's overall satisfaction.   
Online content is often organized in networks. Some networks represent relationships among individuals who are 
friends, colleagues, or trading partners. Some networks, referred to as electronic social networks, can be described 
as collections of personal webpages, linked by hyperlinks (examples of such networks are Facebook and LinkedIn). 
Another type of network is the product network, which can be described as a collection of linked webpages, each 
corresponding to a distinct product (e.g., YouTube, where the products are short videos; Amazon, where the 
products are books). Product networks allow consumers to browse the wide variety of content in the product space. 
Thus, if an electronic commerce site is analogous to a traditional store, the network can be thought of as the online 
aisle structure. Moreover, in the online environment, both social as well as product networks are visible and can 
therefore be analyzed directly. 
Recently, a growing number of websites have begun to offer a combination of product and social networks, linked 
by hyperlinks, thus creating a dual network structure (illustrated in Figure 1). Some e-commerce sites, such as 
Amazon.com, Netflix.com and Bestbuy.com, now incorporate social features such as communities and forums in 
which consumers can actively participate. To the best of our knowledge, however, dual networks are most prevalent 
on UGC sites, such as YouTube.com, Flickr.com, and Digg.com
2
. Although the reason for the emergence of this 
structure has not been documented, it is plausible to assume that the motivation is related to increasing traffic and 
user involvement. We propose that such dual network structures also have a direct effect on how users engage with 
the content offered on the site. In this paper we focus on the role of this dual network structure in facilitating user 
exploration of content. Our main finding is that by transforming the common product network into a dual network 
that includes a self-organizing social network, a specific (and very common) type of search for content becomes 
significantly more efficient. 
We first analyze the YouTube.com dual network, one of the largest available dual networks. Using data on more 
than 700,000 videos (with 9 million links between them) and 50,000 users (with 120,000 links between them), we 
are able to show that the structural properties of user pages are very different from those of product pages. 
Specifically, the betweenness centrality of user pages is three times that of product pages; thus, user pages act as 
brokers in the dual network. 
                                                           
1
  User-generated content was featured in Time magazine's 2006 “Person of the Year” issue: 
http://www.time.com/time/magazine/article/0,9171,1569514,00.html. According to Alexa.com, 3 out of the 7 most 
viewed sites (by percent of global Internet users who visit the site) are UGC sites – YouTube.com, Wikipedia.com 
and Blogger.com. YouTube alone received 1 billion views a day, and 24 hours of videos are uploaded every minute 
(http://www.reuters.com/article/idUSGEE5B716A20091208?type=marketsNews). 
2
  We looked at the top 10 electronic commerce sites (according to Alexa.com) and the top 10 UGC sites 
(according to ebizmba.com at http://www.ebizmba.com/articles/web-2.0-websites) and found that most UGC sites 
included a dual network, while none of the electronic commerce sites included one. 
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The second part of our work uses simulation analysis to compare and contrast the effects of dual networks, product 
networks, and sponsored (randomized) networks on the exploration process. We show that although, as expected, 
random rewiring of the product network reduces the average distance between products, exploration within this 
network is much less efficient than within the dual network; thus, the bridging effect of the user pages cannot be 
artificially replicated. Finally, we introduce an 
Internet experiment in which consumers are 
offered a YouTube-based website and are 
exposed to one of the following three scenarios: 
recommendations based solely on the YouTube 
product network; recommendations based on 
the YouTube dual network; and 
recommendations based on the product network 
with additional random links. We show that the 
dual network structure leads to faster access to 
“good” content and to overall higher 
satisfaction. Our work suggests that the 
integration of a self-organizing social network 
with product networks will improve consumers' 
exploration of the product space and will lead to 
higher consumer satisfaction. 
Motivating example 
On September 13, 2009, the famous artist 
Kanye West surprised the world as he jumped 
on the stage of the MTV awards and grabbed 
the microphone from the artist Taylor Swift 
(who was receiving the award for "best female 
video of the year") and stated that another 
performer deserved the award more
3
. On the 
same day, Yarin Lidor posted to YouTube a 
video mocking the event, titled "Remix: Kanye 
West Disrespect and interrupt Taylor Swift". Despite the creator's anonymity, the video was a great success and was 
viewed more than three million times over the following two weeks, making it one of the most viewed videos of 
those weeks. Figure 2(a) provides the summary statistics of the distribution of sources from which those three 
million viewers (the "consumers") arrived at the video's page. Since Kanye West’s outburst received much media 
attention, a large portion (approximately 39%) of the consumers arrived at the page after a keyword search on this 
topic. Approximately 12% arrived at this page after following a link in the YouTube product network, and 22% 
arrived after following a link in the YouTube social network.  
Six days later, Mr. Lidor posted another video on YouTube, named "How Could You Be So Jackass". That video 
received only mild success and was viewed by approximately 30,000 viewers. Figure 2(b) provides the summary 
statistics of the distribution of sources from which those consumers arrived at the video's page. Clearly, being less 
popular, this video was not searched for as often (only 1% of consumers arrived at the page after using a keyword 
search). However, approximately 40% arrived at this page after following a link in the YouTube product network, 
and 19% arrived after following a link in the YouTube social network.  
                                                           
3
The story was described in the New York Times on Sep 14, 2009.  
http://tv.nytimes.com/2009/09/14/arts/music/14vma.html 
 
Figure 1: Illustration of the YouTube.com dual network. 
The dotted lines represent owner links between product nodes 
(circles) and social network nodes (icons); dotted arrows 
represent favorite links; solid lines represent social links 
between users; and solid arrows represent links between 
products - "related videos" links 
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The traffic patterns to both of Mr. Lidor’s videos suggest that the social and product networks both play important 
roles in directing consumers' attention. They also highlight another salient characteristic of consumption of UGC – 
the existence of ill-defined exploration. While the first video was a great success, most content on UGC sites is more 
similar to the second video (Cheng et. al. 2008). That is, few consumers specifically search for them, and most 
views are the result of exploration. Consumers browse the content space without a specific target in mind, looking 
for a "good" product (Saito and Ohmura 1998).  
In this work we study the effect of the website's structure on exploration efficiency and on the consumer's overall 
satisfaction. 
Literature review 
The influence of network position on information dissemination 
Recent literature has shown much interest in the impact of networks, particularly social networks (e.g. Van den 
Bulte and Wuyts 2007). Most relevant to our context is the literature that connects network structure properties to 
information dissemination in networks (see among others: Brown 1981, Valente 1996, Goldenberg et al. 2001, 
Mayzlin 2002, Hill et al. 2006, Shaikh et al. 2006, Young 2006, Kocsis and Kun 2008, Katona et al 2009, Trusov et 
al. 2009). Specifically, the advantageous network position and structural properties of some nodes have been shown 
to facilitate the information dissemination process. For example, Burt (1992, 2005) showed that the important 
effects of structural holes in the flow of information are due to the fact that these holes separate non-redundant 
sources of information, sources that are more additive than overlapping. Individuals with higher betweenness can 
serve as brokers of information and bridge those structural holes. Granovetter (1973) provided evidence of the 
informative advantages of weak ties in social networks. A weak social tie may allow a member of a relatively 
“closed” sub-network (e.g., close friends or coworkers) to access new and unique information that exists in a 
different network. Lin et al, (2009) show how the structure of social network and particularly the strength of the 
social interaction, influence information flow and impact the tendency of people to perform financial transactions. 
 
Figure 2: Distribution of the sources of traffic to the first (A) and second (B) videos. 
Each column shows the percentage of users who arrived at each video from a specific source as follows: 'Search' 
refers to users who found the video using a keyword search in YouTube; 'YouTube Other' refers to users who 
arrived to the video from another user page; 'Related Videos' refers to users who arrived at the video after 
clicking on a link in the product network; 'Mobile devices' refers to users who use mobile devices; 'Embedded 
Videos refers to users who followed a link of the video embedded on a webpage other than YouTube.com; 
'Google Search' refers to users who found the video using a keyword search on Google; 'External Links' are users 
who followed a direct link from other sites. 
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Goldenberg et al. (2001) show that weak ties serve to enable information dissemination to sub-networks that are 
otherwise isolated
4
.  
Why would social networks, and specifically social nodes, contribute to the process of exploration over a product 
network? The answer may be found in Simmel's (1955) theory of 'intersection of social circles' (also referred to as 
'The Web of Group Affiliation'). This theory is based on the notion that each individual may be part of several social 
groups. Each individual is situated in the intersection of several groups and can therefore facilitate information 
dissemination between groups. In the context of networked interaction, an advantageous network position may 
influence the social capital of a node within a network, which may result in better utilization or transformation of 
information.  
Dual network structure 
The studies noted above focused on social networks. Surprisingly, little attention has been given in the literature to 
product networks. Work on product networks includes a study of the network of videos on YouTube by Oh et al. 
(2008) and a study of the network of blogs by Mayzlin and Yoganarasimhan (2008)
5
. Katona and Sarvary (2008) 
studied the strategic interaction between content sites, which can also be thought of as a product network. However, 
product networks were not explicitly mentioned in those studies. Oestreicher-Singer and Sundararajan (2008) 
studied the network of books on Amazon.com and quantified the incremental correlation in book sales attributable to 
the product networks' visibility. 
Most of the literature on networks focused on a single network case, e.g. either a social network or a product 
network. Recently, Buldyrev et al. (2010) study the structure of interdependent networks where the functioning of 
nodes in network A depends on the functioning of nodes in a different network B. This new definition of network 
has few similar characteristics to those of the dual network; however, in the dual network the dependencies are 
nonessential. Another comparable network structure is the bipartite graph, which has two types of nodes, but in 
contrast to the dual network its edges run only between nodes of unlike types (Newman 2003). Goldenberg et al. 
(2005) study computer networks and cell phone networks and describe a structure consisting of a single set of nodes 
connected with different types of edges. 
The uniqueness of the dual network structure is in the combination of both aggregate consumption information as 
reflected by the product networks, and individual level information expressed in the links between the social nodes 
and the product nodes. 
Several recent studies have explored the network structure of YouTube.com. Cheng et al. (2007, 2008) study the 
YouTube product network structure and find that it has small-world characteristics. Other researchers have studied 
the effect of the social network. Paolillo (2008) finds that users’ social interactions influence their video uploading 
activity. A recent study by Baluja et al. (2008) presents a new method to offer recommendations of videos to users 
based on aggregation of co-viewed videos. Oh et al. (2008) studied the diffusion of videos and the relationship 
between the diffusion process and the video creator's social activity levels. Our work is the first to study the dual 
network structure of the YouTube.com site and its association with content exploration.  
Content search and ill-defined exploration 
Typically, online search process is associated with key words search where the searcher submits a key word query to 
a search engine and receives a list of relevant web pages (Arasu et al. 2001). Researchers in the fields of economics, 
computer science, and business have recently expressed growing interest in search engine design and use. Topics of 
interest include information collection techniques, storage issues, indexing and efficient retrieval, keeping 
information up-to-date, and ranking page relevancy to search keywords. In particular, the interlinked structure of the 
                                                           
4
 Another network position property that is attributed to interpersonal networks is the existence of hubs – individuals 
with an exceptionally large degree (number of ties). Katona et al (2009) showed that such individuals adopt early 
due to their high degree, and Goldenberg et al. (2009) found that such individuals dramatically speed up information 
dissemination.   
5
 The network of blogs can also be thought of as a social network. 
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web and its role in improving search have been investigated in several studies (Barabási 2002, Barabási and Albert 
1999, Kleinberg et al. 1999, Adamic 1999; Scharnhorst 2003, studied the web topology and its influences on web 
surfing and search; Brin and Page 1998, and Kleinberg 1999, focused on incorporating the network structure 
properties to improve searches.).  
Most papers about web search have focused on the defined search. However, as pointed out by Rangaswamy et al. 
(2009), search engines still fail to meet the needs of users who do not have a clear idea of what they are looking for. 
Some studies have investigated phenomena similar to ill-defined exploration of content, in the context of electronic 
commerce. Moe and Fader (2004) studied the conversion rate in online shopping, distinguishing between visits 
motivated by a planned purchase and visits associated with hedonic browsing, similar to offline window shopping 
(see also Moe, 2003). Saito and Ohmura (1998) studied the cognitive process of users who search the web for a gift, 
with no predefined target. 
Somewhat related to ill-defined exploration is the literature on information-seeking, which also concerns users' 
search processes (see Järvelin and Wilson 2003, for a summary of theoretical information-seeking models). 
However, in the case of information-seeking, the user may begin with a vague term or a broad topic, and the process 
often involves a specific starting point and targets. These characteristics differentiate information-seeking from the 
ill-defined search process that is the focus of our research. Moreover, information-seeking does not relate to the 
information space as a series of complex networks and therefore does not address network-related issues such as the 
influence of network properties on the search process. 
It is our conjecture that: (a) the integration of social and product networks will facilitate ill-defined exploration of 
content; and (b) the exploration process is more efficient when the dual network structure incorporates a social 
network rather than an artificial random network.  
Why would the social network and, specifically, social nodes contribute to the process of exploration within a 
product network? The answer may be found in the theory of 'intersection of social circles', mentioned above. 
Applying the theory of intersection of social circles to the online dual network, we can describe each individual user 
as situated in the intersection of different types of product circles. The different product circles represent natural 
groupings of the products (for example, based on product category). A single user may consume different types of 
products; therefore, the user bridges between products of different circles (different product categories, for 
example).  As we demonstrate, the self-organizing social network facilitates more efficient search than does the 
product network alone. One possible explanation lies in the findings discussed above, showing that social networks 
tend to form structures that promote rapid information flow that covers the entire network efficiently. In this sense, 
the dynamics of information search and information flow are quite similar, since in both cases the propagation takes 
place over the nodes of the networks. In the online environment, the visibility of the user webpage reveals the 
connections between different (product) circles and enables others to use these 'bridges' to experience greater 
variety.  
The rest of our paper is organized as follows: section 3 provides an overview of our data; section 4 reports the 
results of our analysis of the YouTube dual network; section 5 compares the topology of three simulated networks; 
section 6 describes our Internet experiment and the results of that experiment; and section 7 concludes. 
 
Overview of data 
Using data from YouTube.com, one of the largest existing dual networks, we are able to conduct an in-depth 
analysis of the dual network structure. YouTube’s core business is centered around videos, the website’s “products”. 
Each video has an associated webpage that is connected by hyperlinks to other videos’ webpages, thus creating a 
product network. In addition to the product network, YouTube offers a social network in which each user has an 
associated webpage (Figure 3 presents a sample product page and a sample user page); these webpages can be 
linked to other user pages (creating a social network) and to video pages (connecting the product and social 
networks). Conceptually, this creates a dual network structure, as illustrated in Figure 1 above. 
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Figure 3: An illustration of (A) a product (video) page and (B) a user page on YouTube  
“Friends” are links in the social network; “Related videos” are links within the product network; “Favorites” 
and “Own Videos” represent links from a social node to the product network; “Video’s Owner” and 
“Comments” are links from a product node to the social network. 
 
We collected data on the YouTube product and social networks. We have collected data for approximately 700,000 
videos and for 50,000 users connected by approximately 10 million hyperlinks. The hyperlinks are divided into three 
types as follows:  
a) Links within the product (video) network: These include directed hyperlinks appearing under the label 
"Related Videos" on a product's page and are based on co-consumption (Baluja et al, 2008). These links are 
generated automatically by the website. 
b) Links within the social network: These include undirected hyperlinks between each user and his or her 
friends, who are listed under "Friends" on the user's page. These links are not generated automatically by 
the website but are chosen freely by the user. 
c) Links between the product and social networks: These include two types of links: "Owner" (undirected 
links that link videos to their creator's page) and "Favorites" (directed links that link user pages to favorite 
videos).  
The data were collected using snowball network sampling techniques
6
. Specifically, we used a breadth-first 
algorithm starting with the 25 most viewed videos on YouTube.com, following each video's links to its owner and to 
its related videos. We then followed user friend links as well as related video links, to a distance of up to three links 
from the source. Data collection was performed using YouTube API services. Summary statistics are available in 
Tables 1 and 2. 
                                                           
6
 Snowball sampling is a common technique used in network sampling (Wasserman and Faust 1994, Carrington et. 
al., 2005). In particular, in very large online datasets as found in YouTube.com, snowball sampling is the most 
feasible method to crawl the network (Ahn et al., 2007). 
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Table 1: Video Activity Measures  
 Average St. Dev. Min Max 
Time since posting on YouTube (days) 498 248 87 1373 
No. of views 142450 867879 1 109499240 
Rating (on a scale of 1 to 5) 4.08 1.37 0 5 
No. of users who marked this video as a favorite on their page 461 3506 0 608286 
Duration of video (seconds) 206 574 0 380375 
 
Table 2: User activity measures 
 Average St. Dev. Min Max 
Time since joining YouTube (days) 730 294 0.00 1535 
No. of Viewed Videos 6027 14500 1.00 1083811 
No. of Uploaded Videos 51.76 804 0.00 138453 
No. of Visits to the User's page 71843 583909 1.00 32772018 
No. of Friends 1.39 6.72 0.00 104 
No. of Videos Marked as Favorites 0.51 7.31 0.00 303 
 
Analysis of the topology of the YouTube dual network  
The first step in our empirical investigation required an in-depth analysis of the YouTube dual network structure. 
We computed several indices that are commonly used in the literature to characterize network structures 
(Wasserman and Faust 1994, Newman 2003 and 2005)
 7
, including the following: 
1. The degree of each node, including the indegree and outdegree.  
2. Closeness centrality of each node: a measure of the average minimal distance between this node and any 
other node in the network. 
3. Betweenness centrality of each node: a measure of the number of shortest paths (between any two nodes) in 
which this node is included. 
4. Density: a measure of how close the number of edges in the network is to the maximal number of edges. 
5. PageRank of each node (Brin and Page, 1998): a measure of a node’s relative importance within the set of 
nodes in the network. 
We compared the summary statistics of the properties of the social and the product nodes and observed that the two 
node types are quite different in their structural attributes. Table 3 presents the average values of each one of the 
indices for the product pages and for the user pages. 
It is perhaps surprising that even when both types of nodes are included in one combined network, they have notably 
different structural properties. Most importantly, compared with video (product) nodes, user nodes have a 
                                                           
7
 We used the 'Complex Networks Analysis Package' (Muchnik et al. 2007) to compute these indices. 
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significantly higher betweenness (three times higher). Since betweenness centrality measures the extent to which a 
node brokers indirect connections between other nodes in the network (Burt 2001), this observation suggests that 
user pages (social network nodes) play an important role in increasing network connectivity. These results are even 
more striking when contrasted with the results concerning closeness centrality and the nodes’ average degree. We 
see that video nodes have a lower closeness centrality, meaning that video nodes are on average closer to any other 
video than do user nodes. This is consistent with the observation that video pages have higher indegree and 
outdegree than do user pages, probably due to lower levels of activity in the social network compared with the 
product network. If the two networks contained the same types of nodes and links, such differences would lead to a 
higher betweenness centrality among product nodes than among user nodes. However, the opposite is the case: the 
betweenness centrality is almost 3 times higher for user nodes than for product nodes. Taken together, these findings 
imply that although the average distance between user nodes and product nodes is greater than the average distance 
between product nodes, user nodes play an important role in bridging different parts of the network and possibly 
facilitating faster exploration of the content space. The social network is very different from the product network, 
and the combination of the two networks might lead to a superior structure for searches. 
Table 3: The dual network indices divided according to the types of nodes 
Network indices Product pages User pages Ratio 
Average Closeness 6.25 6.75 8% * 
Average Betweenness 3.89E+06 12.8E+06 229% * 
Average InDegree 14.25 3.97 -72% * 
Average  OutDegree 14.50 4.49 -69% * 
Average PageRank 0.9871 0.6674 -32% * 
* denotes significance at 0.01 level of the mean differences 
 
Network simulation: Comparing different network structures 
The results of our empirical analysis raise the question of whether the ability to bridge different parts of the product 
network is unique to user pages, or whether increased connectivity can be achieved without the use of a social 
network by implementing a more advanced collaborative filtering algorithm. Often, developing a social network is 
costly, and the network takes time to develop and mature. Therefore, it is essential to understand whether similar 
benefits can be obtained by an algorithm. 
The literature on network structure (Newman 2001 and 2003) suggests that adding random links reduces the average 
distance between products in a network. This process is referred to as rewiring (Watts and Strogatz, 1998). We 
therefore compare the existing YouTube dual network with other possible network structures. 
We compared three different network structures containing the same number of nodes:  
a) The product network: This network is based on the YouTube product network. That is, this network 
includes all 688,760 videos for which we collected data, as well as their interconnecting links, excluding 
the social network (user pages and their links) and links between the social and product pages.   
b) The dual network: This network is based on the YouTube dual network we collected. To make this network 
comparable in size to the product network described in (a), we excluded 49,611 randomly selected videos 
from the product network mentioned above and remove their links to other nodes in the network. This 
process resulted in a dual network with 639,149 product nodes and 49,611 user pages.  
Economics and Value of Information Systems 
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c) The randomly rewired (“sponsored”) network: This network is based on the YouTube product network 
with random rewiring. To create this network we replaced the user pages of the dual network mentioned in 
(b) with 49,611 dummy nodes and randomly connected links to other product pages.
8
  
We computed the different network indices of each one of the three constructed networks. The summary statistics of 
those networks are presented in Table 4.  
In accordance with the literature on random rewiring, the sponsored network shows a significantly lower average 
distance between products. However, the betweenness of the user pages in the dual network is about two times that 
of the added random nodes. These results suggest that the self-organizing user pages encompass inexplicit 
characteristics that cannot be imitated by an artificial random rewiring. Users are able to create structural variety on 
their pages and group various videos together, reflecting the fact that different videos may be related according to a 
particular user's perception. 
Table 4 : Network indices of the three different network structures 
Network indices Product network Dual network Sponsored Network 
No. of nodes  688760 688760 688760 
No. of edges  9712812 8533413 9688009 
Network Diameter  14 20 14 
Average distance between videos  6.46 6.53 6.07 
Average Betweenness of video nodes 3.84E+06 3.81E+06 3.16E+06 
Average Betweenness of social and dummy 
nodes 
N/A 13.4E+06 7.73E+06 
Closeness Centrality 6.4602 6.5214 6.0640 
 
Ill-defined exploration: An Internet experiment   
Our empirical results show that user pages have a central position in the dual network and act as brokers between 
different parts of the product network. These results suggest that social nodes have an important role in facilitating 
ill-defined exploration. To test this conjecture, we constructed an Internet experiment on a YouTube-like website. 
The website provides video pages that can be viewed using a built-in video player. Each page contains ten links to 
other videos, enabling navigation through the site. The site offers more than 500,000 videos with about 10 million 
links connecting them. The videos and recommendations are based on the YouTube data we collected and are 
unchanged.  
We asked 467 individuals (49.1% female, mean age 24.4) to watch videos for about 15 minutes and assign a rating 
from one star ("Poor") to five stars ("Awesome!") to each video they watched. Once a video had been watched, the 
participant was free to choose the next video out of a list of recommendations. We randomly assigned the 
participants to three possible versions of this website: 
1. A product network: Under this scenario, users of the website were offered ten recommendations based on 
the YouTube product network only ("related videos" as suggested by YouTube). Those recommendations 
were presented under the label "related videos". An illustration of this scenario is presented in Figure 4(a). 
                                                           
8
 Random network calculations were made based on one instance of network simulation. Future work will include 
several simulations iterations of this network. 
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2. A dual network: Under this scenario, 
users of the website were offered 
recommendations based on the YouTube 
dual network. That is, under the label 
"related videos" they were offered five 
recommendations based on the YouTube 
product network, and under the label 
"people who liked this also liked" they 
were offered five recommendations of 
videos marked as "favorites" by a single 
user who had also marked the featured 
video as a favorite
9
.  An illustration of 
this scenario is presented in Figure 4(b). 
3. A sponsored (random) network: Under 
this scenario, users of the website were 
offered recommendations based on the 
product network and randomly suggested 
videos. That is, under the label "related 
videos" they were offered five 
recommendations based on the YouTube 
product network, and under the label 
"featured videos" they were offered five 
recommendations of randomly selected 
videos. An illustration of this scenario is 
presented in Figure 4(c).  
 
Each individual performed an ill-defined 
exploration for content, in an environment that 
looked similar to product networks on real 
commercial websites, except that each webpage 
was built to channel the search over a different 
type of network. 
 
Results 
To study the effects of the different offered 
network structures, we first used the Kaplan-Meier 
survival analysis (Kaplan and Meier 1958). As we 
are interested in studying the exploration process, 
we define rating a video as "4" or "5" (out of 5) as 
a successful conclusion of the exploration process. 
That is, the event occurs the first time the user 
ranks a video "4" or higher. The Kaplan–Meier 
curves for each of the three groups are shown in 
Figure 5. The curve for the dual-network group is 
consistently lower than those of the product-
network-only and sponsored-network groups. That 
is, the time to the event (finding a liked video) is 
shorter when using the dual network. Moreover, as 
                                                           
9
 This user was randomly selected from all users who marked the featured video as a "favorite". 
 
 
(a) 
 
(b) 
 
(c) 
Figure 4: (a) Screenshot of the product network scenario; 
(b) Screenshot of the dual network scenario; (c) 
Screenshot of the sponsored (random) network scenario. 
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the exploration time increases, the curves appear to get even farther apart, suggesting that the beneficial effects of 
the dual network over the other methods are greater over time. We verified these results using the Log-Rank test 
(Figure 5).  
To refute the possibility that the difference between the scenarios was a results of a favourable reaction of the 
respondents to the labelling ("people who liked this also liked") of the dual-networks, we have combined both the 
dual-network recommendation and the related videos recommendation under one label ("Related Videos"). We ran 
the experiment again and found no difference in the effects described above. 
On the basis of these results, we defined the hazard function h(t) as the instantaneous potential per second for the 
event (rating of 4 or 5) to occur, given that it hasn't happened up to time t (Kleinbaum and Klein 2005).  
 
Overall Comparisons  
 χ
2
 DF Sign.  
Log Rank (Mantel-Cox) 11.277 2 0.004  
Figure 5: Kaplan-Meier Survival function results. Each line represents the users of the scenario as 
detailed by the legend. 
 
We then used the Cox proportional hazards model (Cox 1972) to estimate the effect of the covariates on the hazard 
rate. The findings are shown in Table 5. Table 5(a) includes the effect of the different scenarios; Table 5(b) adds 
demographics of the participants; Table 5(c) adds information about the YouTube video that began the exploration 
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process; and Table 5(d) includes the network properties of the first video. The latter two estimations are based on the 
notion that the source of the exploration process may influence the time it takes to find "good" content. 
All estimations clearly show that use of the dual network is associated with an increase in the odds ratio for all 
model specifications (the baseline model being the product network scenario). That is, participants presented with 
the dual network find "good" content faster. Specifically, we find that the hazard for the dual network participants is 
about 40% higher than the hazard for the product network group. 
The second column of Table 5 shows that the demographics have no significant effect on the hazard function, and 
neither do the popularity and rating (as measured by YouTube) of the first video the participant watches. 
Interestingly, we find that the network properties of the first video are associated with increased hazard (fourth 
column). Most noticeably, the PageRank within the dual network is highly associated with an increase in the hazard. 
These results show that starting from a central page is associated with a lower hazard and suggest that products with 
greater centrality are surrounded by "better" products or "better" recommendations. These findings support the 
common practice of offering the most popular products on the homepage as possible starting points for exploration. 
 
Table 5 : Proportional hazards regression (Cox Regression) results 
 Scenario 5(a) +demographic 5(b) +YouTube data 5(c) +Network properties 5(d) 
  B (std) B (std) B (std) B (std) 
Sponsored network scenario  -0.032 (0.13) -0.04 (0.13) -0.05 (0.13) -0.033 (0.14) 
dual-network  scenario 0.369 (0.12)*** 0.371 (0.12)*** 0.344 (0.13)*** 0.299 (0.14) ** 
Gender -0.082 (0.1) 0.081 (0.1) 0.09 (0.1) 
Age 0.012 (0.01) 0.011 (0.01) 0.014 (0.01) 
familiar with YouTube 0.041 (0.03) 0.043 (0.03) 0.015 (0.03) 
start from popular video 0.117 (0.1) 0.032 (0.16) 
First video rating 0.171 (0.27) -0.424 (0.42) 
First video betweenness 0 (0) 
First video PageRank 1.112 (0.36)
***
 
First video indegreee -0.076 (0.03)
***
 
First video outdegree 
  
  
  
0.03 (0.01)
**
 
-2Log-Likelihood 4095.0 4090.9 4089.1 3593.7 
*  denotes significance at 0.1 level  
**  denotes significance at 0.05 level  
***  denotes significance at 0.01 level 
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Next, we looked at users’ overall satisfaction. The overall satisfaction is based on the participants’ self-report (as 
they reported at the end of the experiment on a scale of 1 to 7). These results are presented in Figure 6 and clearly 
show that the dual network increases overall satisfaction. Our 
results also show that the overall satisfaction of users who used the 
dual-network was significantly higher than the satisfaction of users 
who used the product network or the sponsored network (post hoc 
ANOVA; significance at 0.026 and 0.00 levels, respectively using 
Fisher's least significant difference test). We also found that the 
difference between the average satisfaction of users in the product 
network scenario and that of users in the sponsored network 
scenario was not significant. The latter finding may imply that the 
collaborative filter indeed creates an efficient product network, but 
that without an external additional network (the social network), it 
might be difficult to improve it. 
To summarize, we found that users who used the dual network for 
content exploration were likely to find content that matched their 
preferences more quickly than users who used the product network 
only or used the sponsored network, i.e., the product network with 
random rewiring. Our results also show that the overall satisfaction 
of users who used the dual network was significantly higher.  
These results add to our previous findings by suggesting that the 
dual network indeed affects the exploration process. Individuals 
seem to be interested in videos from different fields and from different parts of the product network, and therefore 
the user pages play an important role in bridging between videos and facilitating efficient exploration of the content 
space.  
Discussion 
This work studies the dual network structure and its influence on ill-defined content exploration online. The 
presence of hyperlinked networks is one of the principal differences between the online and traditional content 
environments. The process of browsing an ecommerce site is somewhat analogous to walking the aisles of a 
physical store; accordingly, the product network structure plays the role of the ecommerce aisle, and the position of 
a product in this network constitutes its virtual shelf placement. Thus, hyperlinked networks facilitate consumers’ 
exploration of products. At the same time, as a result of the vast available variety and number of products accessible 
in online content environments, product searches have become a much more complicated task. This research 
enhances our understanding of how dual networks, which are grounded in the online hyperlinked environment, 
influence people’s exploration of the content space. 
Our first set of results characterizes the dual network structure on YouTube.com and demonstrates that social nodes 
and product nodes have very different characteristics. Specifically, we find that the betweenness of user pages is 
three times higher than that of product pages; thus, user pages bridge between different parts of the network. Using 
simulations we show that while random rewiring of the network reduces the average distance between products, the 
bridging effect of the user pages cannot be artificially replicated. Finally, we introduce an experiment in which 
consumers browse a YouTube-based website. We find that the dual network structure leads to a faster path to 
“good” content and to overall higher satisfaction. Our results suggest that the integration of a self-organizing social 
network into an existing product network can facilitate exploration. It appears that the self-organizing social network 
creates unique benefits that cannot be easily imitated by randomization algorithms. This may be due to the structural 
variety of human taste.  
We have shown that adding a social network to a product network facilitates more efficient exploration compared 
with a random rewiring of the product network. However, we do not argue that it is impossible to introduce a 
rewiring algorithm that mimics the structure of a social network (e.g. by including hub nodes and nodes with high 
betweenness centrality). Such an algorithm can in theory outperform an added social network. In this case the dual-
network structure can be reduced back to a single-network structure. Such an algorithm, in principle, can be 
developed, and it will be interesting to explore how accurately it can (and should) imitate a social network. The cost-
 
Figure 6: Comparison of participants’ 
overall satisfaction by scenario. 
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effectiveness of developing such an algorithm is beyond the scope of academic research, but we believe that this 
type of algorithm may one day replace or upgrade existing concept of collaborative filtering for the purpose of ill-
defined exploration.  
Put together, our results provide evidence of the important role of the social network in easing and improving the 
exploration process resulting in higher consumer satisfaction. Our findings may suggest that websites offering 
content or products in a large scale should complement the available product network with a social network and thus 
include important managerial implications 
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